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Design of MEMS Gyroscope Interface Circuit Based on

Quadrature Error Alignment
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Abstract: Traditional synchronous demodulation of MEMS (Micro-Electro-Mechanical System) gyro-
scope is based on phase relationship of drive and sense positions. This relationship depends on the work
mode of gyro. Moreover, the phase jitter of drive displacement is large, which makes the phase alignment of
demodulator hard. To solve these problems,a new demodulation method based on quadrature error align-
ment was proposed, which is independent on work mode of gyro. Demodulator reference was extracted
from PLL (Phase-locked loop) output,which has low jitter. Phase shifter of sense channel was used to de-
lay quadrature error by 90°, compared with the reference signal. Therefore, Coriolis signal and the reference
were automatically in-phase, and successful demodulation was achieved. To demonstrate this method, drive-
mode and sense-mode circuits were elaborately implemented, and several critical blocks were care fully de
signed. The demodulation of MEMS gyro shows that the vibration oscillation is stable and the operation of
sense channel is correct. The scale factor is 1.415 mV/(° « s) ,and the bias instability is 108°/h. Moreover,

the measurement results verify the validity of the demodulation method, providing solid foundation for fur-
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ther research. The method is also applicable to other vibratory MEMS gyroscopes.
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Fig.1 Vibratory MEMS gyroscope
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position, and quadrature error

PR WA IR IEZCIRZEI)
LIESIIESA FahE/ () FAAE/ () HBL/ ()
wi < ws 0 —90 —180
wd = ws 0 —180 —270

wa > w; 0 —270 0

2 R BRI T R B A B

TEATHBRIEAS B 22 N+ AT FHAT i R b AT A
TE L AT R A R AR S 0 9 L 7 DU it R AR
ANBRREL NG B ) AR X G 2O R — RS H
B AARDE RSB AR /N I HE A S IR 45 14 A 515
SR 25 0 2 A B A0 . R 1 3 — A SO
15— 17 PREGKSFA 6 14 5 BE RO s 0 i 5 1 2

o

o
Namse7 |2

I

(W5

i FeAed » B ORI B A D BB T 2 ().
BARZE I LA T  (H 3 i L 3k J2 LU UK
RO X HERCR A AR A SCRR L8 1R 0% - K
BRI Y PLL fr A5 2808 ik 2 (h). il
PLL AT — i Q E A7 e i P » vl LAXY
it BELBOR s B8t AR5 AT D R 2 e » DR DM Tk 380
AR RH LR Bl /0 2 BEAR 9 Ak 98 2808 0 T 50 i A%
GEIAR LR HE I 3 T IR Bl 1 8% A I 2 B8 CREER A
¥) IEASHE R 22 =3 0] B A A3 5% 28 R S . — 7ol
Tk A L AR 5 RS I 52 A% (AR L R A 5 55— Fof
J7 iSRSl A3 A% R IE S A 1R 22 9 AR A 1R 52 A
SCHRE T — A0 B A ASE S 1 532 o A8 AH T A 98 2 i
T A — R A 4% - 72 FE SR I i 2 PR 4 R A
s RIARSE » (A5 1 52 5 22 1) A 67 i i A 9 28k 5 90°
RS FEIR T AR B AR 5 80 -5 i 98 20 R A1
SE AL,

0 ™
49— NJMSs67
y

-180°

R
M=
W
il +
—s Ry

Rz

(D) SCHR H W FE T 1E ZE BRZE A TAFRER A 05 1%

B2 MEMS [ 50k iR & 4
Fig.2 Overall demodulation system of MEMS gyroscope
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